The effects of supplemental dietary threonine (Thr) on laying performance, expression of intestinal mucin 2 (MUC2) and secretory IgA (sIgA), and intestinal microbiota of laying hens fed a low CP diet were investigated. A total of 240 Lohmann Brown laying hens, 28 wk of age, was allocated to 3 dietary treatments, each of which included 5 replicates of 16 hens. Hens were fed a control diet (16% CP), a low CP diet (14% CP), or a low CP diet supplemented with 0.3% L-Thr for 12 weeks. Chemical analyses of the diets for Thr are 0.49, 0.45, and 0.69%, respectively. Lowering dietary CP impaired egg production and egg mass of laying hens. Dietary Thr supplementation to the low CP diet increased (P < 0.05) egg production and egg mass. In addition, ileal sIgA contents and MUC2 and sIgA mRNA expression were increased (P < 0.05) by dietary Thr addition. Dietary CP reduction reduced (P < 0.05) intestinal bacterial diversity, whereas dietary Thr supplementation to the low CP diet recovered the bacteria diversity and significantly increased the abundance of potential beneficial bacteria. In conclusion, dietary Thr supplementation to a low CP diet could affect intestinal health and hence productivity via regulating intestinal mucin and sIgA expression, and microbial population of laying hens.
INTRODUCTION
The excretion of N from dietary protein is mainly responsible for the environmental N pollution caused by intensive livestock production (Morse, 1995) . Reducing dietary CP level is a useful strategy to reduce N excretion and ammonia emissions in poultry (Roberts et al., 2007) , because chickens can utilize only about 40% of the dietary CP (Lopez and Leeson, 1995) . An ideal protein diet is one way to reduce dietary CP, in turn decreasing fecal N while maintaining production parameters (Novak et al., 2006) . To do so, synthetic AA must be used to meet the requirements of limiting AA due to the dilution of AA as the dietary CP is reduced.
Threonine (Thr), an essential AA, is the second or third limiting AA in swine or poultry diets (Mao et al., 2011) . Adequate dietary Thr is needed to support optimum growth and immune function of animals, while Thr deficiency can reduce growth performance and immune function (Kidd et al., 2004) . In broilers, it is reported that Thr is the most limiting AA in low CP diets (Hussein C et al., 2001 ). Samadi and Liebert (2006) reported that Thr requirements must consider the CP level of the diet.
The intestinal mucosal barrier, as the first defense line against the luminal hostile environment, is crucial for animal health (Blikslager et al., 2007) . Mucin is a major component of the protective mucus layer, and enhances the mucosa immune system by the accumulation of secretory IgA (sIgA; Forstner and Forstner, 1994) . Previous reports demonstrated that dietary Thr plays a critical role in the maintenance of intestinal barrier function by modulating intestinal protein synthesis as well as production of mucins (Azzam et al., 2011) . Mucin synthesis can be substantially impaired by dietary deficiency of Thr (Faure et al., 2005) . We hypothesized that Thr could become marginal, and its limitation could impair the intestinal barrier function when laying hens are fed low CP diets.
The intestinal tract of poultry possesses a complex microbial community consisting primarily of bacteria, which plays an important role in host performance and health (Brisbin et al., 2008) . Diet is a major factor that can influence the microbial population in the intestinal tract (Scott et al., 2012) . It is reasonable to hypothesize that reducing dietary CP levels and supplementing AA to a low CP diet can affect available amounts of substrates for bacterial proliferation in the intestinal tract (Dai et al., 2011; Rist et al., 2013) .
To our knowledge, no other study investigated the effects of dietary Thr supplementation to a low CP diet on the intestinal mucosa barrier function or microflora community of laying hens. Therefore, the aim of this study was to evaluate the effects of supplemental dietary Thr on laying performance, intestinal mucin 2 (MUC2) and sIgA expression, and gut microbiota in laying hens fed a low CP diet.
MATERIALS AND METHODS
All procedures were approved by the Animal Care and Welfare Committee of Animal Science College, Zhejiang University (Hangzhou, China).
Birds and Housing
A total of 240 Lohmann Brown hens, 28 wk of age, was obtained from a commercial layer farm. They were divided into 3 experimental groups and assigned to the treatment replicates based on laying rate and hen weight (i.e., 93.7 ± 2.8% and 1,800 ± 34 g, respectively). Each group included 5 replicates of 16 hens. The hens were housed 4 birds per cage under semicontrolled environmental conditions. They were kept in 3-layer complete ladder cages and fed ad libitum twice daily at 06:00 and 14:00 h; water nipples were available at all times. The photoperiod was 16 L:8 D throughout the experiment. The current study lasted 12 wk, and the hens were allowed a 7-day adaptation period. The present study was carried out between May and August, and the mean daily temperature was 27 ± 3
• C.
Diets
Three diets based on corn, soybean meal, and peanut meal were prepared for this study (Table 1) . The diets comprised a control diet (16% CP) supplemented with lysine, methionine, isoleucine, valine, and tryptophan. A low CP diet (14% CP) was formulated by decreasing the peanut meal content, increasing the corn and soybean meal content, and by supplementing the 5 essential AA mentioned above. Those 2 diets were formulated to meet NRC (1994) recommendations for all nutrients other than CP. Because peanut meal is limiting in Thr, we used it as the protein source to formulate the 2 diets mentioned above containing 0.47% Thr [current NRC (1994) requirement] . Previous work in our lab demonstrated that dietary Thr levels up to 0.77% can improve the laying performance of laying hens fed a 14.5% CP diet (Azzam et al., 2014) . Therefore, a low CP + Thr diet was formulated by supplementing 0.3% L-Thr (98.5% purity, Specom Biochemical Co. LTD, Zhang Jiagang, China) to the low CP diet at the expense of inert filler. Chemical analyses of the diets for Thr values are 0.49, 0.45, and 0.69% respectively. All diets were supplied in mash form. Feed samples from each experimental diet were prepared in duplicate and analyzed for CP and AA (AOAC, 2003) . To determine AA, samples were hydrolyzed with 6 M hydrochloric acid at 110
• C for 24 h, and the major AA composition of hydrolysates was analyzed by L-8900 amino acid analyzer (Hitachi Ltd., Tokyo, Japan).
Laying Performance Parameters
Hen-day egg production and egg weight were recorded daily, and feed consumption was recorded weekly on a replication basis. Egg mass was calculated (egg weight × egg production). Feed conversion ratio was calculated as grams of feed intake per gram of egg mass produced. Mortalities and health status were visually observed and recorded daily throughout the entire experimental period.
Slaughter, Tissue, and Digesta Sample Collection
At the end of the 12-week experiment, 10 hens per treatment (2 hens per replication) were killed by CO 2 inhalation, followed by cervical dislocation, and samples were collected. The small intestine was dissected from the mesentery and immediately placed on ice. Segments (2 cm in length) of mid-ileum were separated, minced with a razor blade, frozen as aliquots in liquid N, and stored at -80
• C for further analyses. The ceca were removed aseptically, clamped with forceps, and placed in sterile plastic bags on ice. Then, the narrow open ends of the ceca were cut with sterile scissors and the ceca were inverted onto sterile glass rods. Cecal contents (approximately 1 g) were collected in sterile containers, packed carefully, and then frozen by immersion in liquid N and stored at -80
• C for intestinal microbiota analysis. Tissue or digesta samples from the same replication were pooled before further analysis; thereby, each treatment has 5 experiment units for statistical analysis.
Determination of Intestinal sIgA Concentrations
Ileum samples were thawed at 4
• C and homogenized in 10 volumes of cold normal saline. The homogenates were then centrifuged at 20,000 × g for 20 min at 4
• C, and the supernatant was collected for further analyses. Antibodies in the ileum were analyzed by a SpectraMax M5 microplate reader (Molecular Devices, Sunnyvale, CA) using a sandwich ELISA chickenspecific sIgA quantitation kit (Uscn Life Science Inc., Wuhan, China) according to the instructions of the manufacturer. The ileum protein concentrations were determined using the Coomassie Brilliant Blue g-250 reagent with BSA as a standard, and the concentrations of sIgA were expressed as nanogram per gram of protein.
MUC2 and sIgA mRNA Expression Assay
Total RNA was isolated from ileum tissues (approximately 50 mg) by using a TRIzol reagent (Invitrogen, Carlsbad, CA). The quality of total RNA was checked by both native RNA electrophoresis on 1.0% agarose gel and the UV absorbance ratio at 260 and 280 nm. The cDNA was synthesized from 2 μg of total RNA by a M-MLV reverse transcriptase (Takara, Dalian, China) at 42
• C for 60 min with oligo dT-adaptor primer, using the protocol of the manufacturer.
The abundance of mRNA was determined on a StepOne Plus Real-Time PCR system (Applied Biosystems, Foster City, CA). Gene-specific primers for MUC2, sIgA, and endogenous reference gene (18 s rRNA) are shown in Table 2 . The PCR reaction used a SYBR Premix PCR kit (Takara, Dalian, China). The 
PCR program was 95
• C for 10 min followed by 40 cycles of 95
• C for 15 s and 60
• C for 60 seconds. The standard curve was determined using pooled samples. Efficiency of the real-time PCR primers for all the examined genes was calculated from standard curves. Each sample was run in duplicate, and no template control was included. Specificity of the amplification was verified at the end of the PCR run by melting curve analysis. Specificity of the product was also confirmed by running samples on a 1.2% agarose gel, excising for purification using a DNA purification kit (Takara, Dalian, China), and sequencing (Shanghai Sangon Biotech Co. Ltd., Shanghai, China). The difference of cycle threshold (Ct) value for 18 s rRNA was less than 0.5 among all treatments and therefore was considered to be an appropriate endogenous control. Average gene expression relative to the endogenous control for each sample was calculated using the 2 -ΔΔCt method (Livak and Schmittgen, 2001 ). The calibrator for each studied gene was the average ΔCt value of control group.
Intestinal Microbiome
The intestinal microbiota were analyzed using high throughput sequencing, including DNA extraction, PCR amplified 16S rRNA, amplicon sequencing, and sequence data processing. Microbial genomic DNA was extracted from the cecal contents using a QIAamp DNA Stool Mini Kit (Qiagen, Valencia, CA) according to the manufacturer's instruction. The DNA concentration and quality were assessed using a NanoDrop ND1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, Delaware).
Using barcoded fusion primers, the V3 hypervariable region of the 16S rRNA gene from the microbial genomic DNA was PCR-amplified. The primers used were 5-AATGATACGGCGACCACCGAGATCTACAC-3 with adapter A (forward primer) and 5-TCGTC-GGCAGCGTCAGATGTGTATAAGAGACAG-3 with adapter B (reverse primer). The PCR conditions were 94
• C for 3 min followed by 35 amplification cycles at 94
• C for 45 s, 50
• C for 60 s, and 72
• C for 90 s, and an extension step at 72
• C for 10 minutes. The PCR product was excised from a 2% agarose gel and purified with an Axyprep TM DNA gel extraction kit (Axygen Scientific Inc., Union City, California). The final sequencing library was prepared by mixing equal amounts of purified PCR products and then adding poly (A) to repair the ends. Thereafter, the amplicons were connected with sequencing adapters. Following agarose gel electrophoresis, suitable fragments were selected as templates for PCR amplification. Finally, the library was sequenced by RiboBio Co. Ltd. (Guangzhou, China) on a MiSeq platform (Illumina, San Diego, CA). Following sequencing, as described previously by Zhang et al. (2015b) , all barcodes were sorted and removed, and reads were assessed for quality.
Bioinformatic Analyses
Sequencing data were subjected to various microbiome analyses using the QIIME platform (Caporaso et al., 2010 ; http://qiime.org/). Briefly, to reduce random sequencing errors, those sequences with lengths shorter than 100 bp, mismatches in PCR primers, more than one undetermined nucleotide, and an average phred quality of ≤ 25 were eliminated. Barcode and sequencing primers were trimmed from the assembled sequences. The resulting trimmed sequences were then grouped into operational taxonomic units (OTU) with > 97% identity threshold. Bacterial phylotype richness and diversity measures such as Chao1 and Simpson and Shannon indices were also calculated (Morgan and Huttenhower, 2012) . Rarefaction curves were generated using Chao 1 estimator of species richness with 20 sampling repetitions at each sampling depth (Chao, 1984) . Phylogenetic beta diversity measures such as unweighted UniFrac (Lozupone and Knight, 2005) distance metrics analysis were performed using QIIME default scripts. Principal coordinate analysis (PCoA) was applied on resulting distance matrices to generate 2-dimensional plots using Canoco version 5.0 (Biometrics, Wageningen, the Netherlands). Taxonomy-based analyses were performed by classifying each sequence using the database of the Ribosomal Database Project (RDP) with a bootstrap confidence threshold of 80% (http://rdp.cme.msu.edu/). Also, a heatmap was generated on the basis of the relative abundance of OTU using METAGENassist (a web server tool; Arndt et al., 2012) .
Statistical Analysis
Significance tests were performed using SPSS for Windows version 17.0 (SPSS, Chicago, IL). First, the Kolmogorov-Smirnov procedure was used to test normal distribution for all the data. Normalized data were assessed with one-way ANOVA, and significant differences were determined by LSD's multiple comparison tests. Non-normally distributed data were analyzed with the Kruskal-Wallis test followed by Dunn's multiple comparison tests. Values were considered statistically different at P < 0.05.
RESULTS

Laying Performance of Hens
The laying performance of hens fed the different diets is presented in Table 3 . No significant differences were observed for egg weight, feed intake, or feed conversion ratio among all 3 groups. However, the hen-day egg production and egg mass were lower (P < 0.05) in hens fed the low CP diet, compared with the other 2 diets.
Ilea sIgA Concentrations
The concentrations of sIgA in the ileum of laying hens are shown in Figure 1 . There were significant increases (P < 0.05) in intestinal sIgA levels in laying hens fed the low CP + Thr diet, compared with the low CP diet; however, no significant differences were detected between the control and the low CP groups (P > 0.05) at wk 12. 
Relative Expression of Ileal MUC2 and sIgA mRNA
The abundance of MUC2 and sIgA mRNAs in the ileum of laying hens after feeding 12 wk is shown in Figure 2 . Intestinal MUC2 mRNA level was higher (P < 0.05) in hens fed the low CP + Thr diet, compared with the low CP diet, and did not differ from that in the control group. There were significant increases (P < 0.05) in intestinal sIgA mRNA level in laying hens fed the low CP + Thr diet, compared with the other 2 diets.
Microbial Profile
The 16S rRNA sequencing studies provided 16,708,889 raw sequences for all the samples with an average read length of 250 bp. Following quality trimming and chimera checking, 1,639,154 high-quality reads remained, accounting for 98.1% of the valid reads with an average of 109,276 reads (range from 80,314 to 143,241) per barcoded sample recovered for downstream analysis.
The degree of ribotype sampling sufficiency was ascertained through construction of rarefaction curves ( Figure 3A) . The rarefaction curve for each sample leveled off as number of sequences increased in all 3 groups, indicating that the number of sequences generated in this study covered much of the extant bacterial diversity present within the hens' intestinal microbiota. The sample richness and diversity were reflected by the Chao 1, Shannon index, and Simpson index ( Figure 3B , C, and D, respectively). Chao 1 is a non-parametric estimator of species richness, whereas the larger Shannon's index or smaller Simpson's index represents a more diverse microbial population. Both Shannon and Simpson indices demonstrated that the intestinal microbiota diversity in the low CP group was significantly lower than that in controls (P < 0.05). Noticeably, the microbiota diversity in the low CP + Thr group was similar to that in the control group. In contrast to the diversity indices, however, there were no significant differences in the richness indices among the 3 groups ( Figure 3B ). To measure the extent of the similarity between microbial communities, beta diversity was calculated using unweighted UniFrac, and PCoA was performed. As shown in Figure 4 , the microbial communities from each treatment were separated into 3 groups, although one low CP + Thr sample clustered with controls.
The taxonomy of the intestinal microbiota was assessed by a taxon-dependent analysis using the RDP classifier. Ten phyla, including one candidate division (TM7), were found in all samples. Most of the sequences were assigned to Firmicutes (46.42 ± 4.94%), followed by Bacteroidetes (40.30 ± 5.43%), Proteobacteria (5.65 ± 0.78%), and Actinobacteria (3.46 ± 0.46%). The microbial communities in the different groups showed no significant differences at the phylum level ( Figure 5 ). In total, sequences from the intestinal microbiota could be classified into 58 genera, with 55 genera in controls, 53 genera in low CP samples, and 58 genera in low CP + Thr samples (see Supplementary Table S1 ). Of the total number of genera identified in the intestinal microbiota, 10 abundant genera (> 1% of the total DNA sequences) were detected in controls, while 8 and 11 abundant genera were detected in low CP and low CP + Thr samples, respectively (Table 4) . Within these majority genera, there were significant decreases (P < 0.05) in intestinal Bacteroides and Clostridium populations in laying hens fed the low CP diet, compared with the other 2 diets. Supplementing Thr to the low CP diet significantly increased (P < 0.05) the abundance of Bacteroides, Clostridium, Faecalibacterium, Bifidobacterium, Parabacteroides, and Eubacterium, compared with those of low CP diet. No differences in quantities were found in bacterial genera between the control and the low CP + Thr groups (P > 0.05). Figure 6 represents a heatmap showing the correlations between diets and the abundances of selected genera (top 39 abundances genera were selected by METAGENassist). The heatmap showed the genus level clustering according to frequency within each sample; abundant genera were color coded red, and blue color (A) (B) (C) (D) Figure 3 . Rarefaction curves and bacterial phylotype richness and diversity in sequenced DNA samples. The vertical axis of rarefaction curves (A) shows the number of OTU that would be expected to be found after sampling the number of tags or sequences shown on the horizontal axis. The Chao 1 (B) was used to estimate sample richness, whereas Shannon (C) and Simpson (D) indices were used to estimate sample diversity (data shown as mean with SEM, n = 5). Values on each bar with no common letter differ significantly (P < 0.05). Hens were fed a control diet (16% CP), a low CP diet (14% CP), or a low CP diet supplemented with 0.3% L-threonine for 12 weeks. coding indicated missing genera. The microbial communities from each treatment were separated into 3 groups, whereas the microbial communities of the control and low CP + Thr finally clustered into one group. Consistent with diversity indices and PCoA, clustering analysis of these genera highlighted the apparent differences between the low CP diet and either control or low CP + Thr diet. 1 Hens were fed a control diet (16% CP), a low CP diet (14% CP), or a low CP diet supplemented with 0.3% L-threonine for 12 weeks.
2 Data shown as mean with SEM, n = 5. a,b Values within a row with no common superscripts differ significantly (P < 0.05).
The relative abundance of some opportunistic pathogens such as Coprococcus, Campylobacter, Staphylococcus, Streptococcus, and Escherichia/Shigella are shown in Figure 7 . The abundance of Escherichia/Shigella decreased (P < 0.05) significantly in the low CP group and the low CP + Thr group, compared with that of the control group. 
DISCUSSION
In the current study, the low CP and the low CP + Thr diets were essentially isonitrogenous, as only small amounts of Thr were added to the low CP diet, and the analyzed CP content of the 2 diets was similar. Thus, we believe that any differences observed were due to the presence of Thr and not due to differences in the dietary CP levels between the low CP and low CP + Thr groups. The impaired egg production and egg mass of hens fed the low CP diet were restored by dietary Thr supplementation, indicating that Thr might be a limiting AA in the low CP diet of laying hens during the peak production period. Similarly, in broilers, Hussein et al. (2001) reported that Thr is the most limiting AA in low CP diet.
The intestinal mucosal barrier function is crucial for animal health and productivity. Mucin 2 is a major component of the protective mucus layer, which acts as a biophysical layer against the luminal hostile environment (Linden et al., 2008) . It is well known that the peptide backbone of mucins contains large amounts of Thr that represent 28 to 35% of the total AA residues (Mao et al., 2011) . In addition, intestinal Thr oxidation in piglets accounted for only 2 to 9% of the total Thr utilization, while Thr incorporation into mucosal proteins (e.g., mucins) accounted for 71% of the total Thr utilization (Schaart et al., 2005) . Therefore, a large proportion of the Thr extracted by the intestine is used for mucin production. In the current study, expression of ileal MUC2 mRNA was increased by supplementing Thr to the low CP diet. Our result is in agreement with the result of Horn et al. (2009) , who found that expression of MUC2 mRNA increased significantly in ducks with increasing dietary Thr after 14 d of feeding. The mechanism by which Thr increases mucin gene expression is not fully understood, although it is known that Thr is a key component of the mucin structure. The intestinal mucin secretion represents a net loss of Thr from the animal, because mucin proteins cannot be digested and their AA cannot be reutilized by the body (Mao et al., 2011) . Thus, it is reasonable to state that excess dietary Thr is necessary for hens fed low CP diets to maximize the gut barrier function.
Mucin proteins have many functions, such as lubrication and protection from pathogens, and enhancing the mucosa immune system by the accumulation of sIgA, acting as a diffusion barrier for nutrients and macromolecules, and protecting the underlying epithelial cells (Forstner and Forstner, 1994) . As expected, supplementing Thr to the low CP diet significantly increased ileal sIgA contents of laying hens in this study. Similarly, previous work in our lab also found that ileal sIgA contents increased in laying hens with increasing dietary Thr after 8 wk of feeding (Azzam et al., 2011) . Although mRNA expression is not necessarily correlated with protein secretion, increases in sIgA concentrations of hens fed a low CP diet were accompanied by an increase in mRNA expression in this study. It is suggested that dietary Thr may simultaneously have transcriptional and post-transcriptional regulation for sIgA genes in laying hens; however, the detailed mechanism needs to be further investigated. Expression of sIgA on the apical luminal surfaces was considered to be one of the specific immunological responses of the intestinal-mucosal immune system (Snoeck et al., 2005) . Our results indicated that Thr may have a direct effect on intestinal-mucosal immunity.
In this study, dietary CP reduction reduced the intestinal microbiota diversity, which was restored by Thr supplementation to the low CP diet to values for the control diet. The diversity of intestinal microbiota is one of the key determinants of colonization resistance against invading pathogens and high diversity correlates to protection from foreign microorganisms (Kuhn , 1993) . We also observed that supplementing Thr to the low CP diet significantly increased the abundance of genera Bacteroides, Clostridium, Faecalibacterium, Bifidobacterium, Parabacteroides, and Eubacterium. It has been reported that Thr not only regulates protein homeostasis in the body but also supports the growth of bacteria (Mao et al., 2011) . The up-regulation of mucin gene expression by supplementing Thr to the low CP diet observed in this study might also contribute to the alterations of intestinal microbiota composition, because mucins (host-derived glycoconjugates) cannot be digested in the small intestine and thereby can reach the cecum, acting as a substrate for saccharolytic bacteria, such as Faecalibacterium and Parabacteroides (Linden et al., 2008; luo et al., 2013) . The abundance of Escherichia/Shigella decreased significantly in the low CP group and the low CP + Thr group, compared with that of the control group. Htoo et al. (2007) reported that diets with high-protein content have a high buffering capacity and hence increase small-intestinal pH, favoring the proliferation of some pathogenic bacteria, such as Escherichia coli.
Extensive bacterial fermentation of undigested feed components occurs in the ceca, which is responsible for detoxification of harmful substances and prevention of pathogen colonization (Janczyk et al., 2009) . Bacteroides, Clostridium, Faecalibacterium, Parabacteroides, and Eubacterium are known to produce short chain fatty acids (SCFA), and are considered to be potentially beneficial autochthonous bacteria (Hamer et al., 2008; Dai et al., 2011) . SCFA play a key role in maintaining gut health by lowering of the luminal pH and regulating the microbial composition, especially by stimulating the growth of beneficial bacteria, such as Bifidobacterium (Le Leu et al., 2005) . Furthermore, lactic acid, produced by Bifidobacterium fermentation, can be utilized by some intestinal bacteria, such as Eubacterium and Clostridium, resulting in the formation of SCFA (Ushida et al., 2002) . This cross-feeding between gut bacteria plays an important role in maintaining intestinal health; otherwise, lactate may accumulate in the hindgut and cause diarrhea (Rist et al., 2013) . Therefore, the higher abundance of SCFA-produced bacteria as well as that of Bifidobacterium in the laying hens may improve gut function, and this may partially explain the increases in laying performance that were observed in Thr supplemented hens.
In conclusion, dietary Thr supplementation could improve laying performance and intestinal health of laying hens fed a low CP diet from 28 to 40 wk of age. The current study presents the first data on effects of Thr on the phylogenetic diversity and abundance of intestinal bacteria in laying hens. Our results indicated that lowing dietary CP decreased the diversity of intestinal bacteria in laying hens, whereas dietary Thr supplementation to the low CP diet recovered the bacteria diversity and significantly increased the abundance of potential beneficial bacteria. Further studies are needed to reveal the influence of excess dietary Thr on the intestinal microorganism metabolite of laying hens.
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